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APPENDIX A ,j

TODAYS WEATHER RADAR SYSTEM

' l. GENERAL

' The existing weather radar system used for severe storm detection

is divided into two categories:

© A basic weather radar network, consisting of 51 WSR-57 i
radars and 5 WSR-74S radars, operated by the National
Weather Service (NWS). 1In addition, 2 FPS-77 radars,
operated by Air Weather Service (AWS) and 22 Air
Traffic Control radars, operated by the FAA, whose
primary purpose is to detect aircraft for Air Traffic
Control purposes. The weather detection capability of
these radars, although limited, is used in the national
system.

Figure II-1 (repeated here) shows the location of the
basic network radars.

© Local warning radars are operated by NWS, AWS, and the
Navy, as an addition to the basic network in areas

of high severe storm incidence.

. Figure II-2 (repcated here) shows the location of the
; local warning radars.

; 2. CHARACTERISTICS OF WEATHER RADARS

Table A-1 lists the characteristics of the basic and local warning
radars in use. Figure A-1 and A-2 depict the age of the WSR-57

radars and the WSR-74 local warning radars.
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3. WEATHER RADAR COSTS

Accurate records on capital costs for weather radars are
not available. An average cost was developed for each type
of weather radar now used by the NWS. This table illu-
strates the method used to determine these average costs:

cY WSR - 57
Year Total # Units Aver. Cost

Acquired Cost Acquired Per Unit
1959 $1,710,053 14 $122,147
1960 1,442,712 11 131,156
1961 121,819 1 121,819
1966 288,918 2 144,459
1967 435,725 3 145,242
1969 1,240,750 8 155,094
1970 316,042 2 158,021
1977 120,000 1 120,000
TOTAL $5,676,019 42 $133,143

Note that this assumes a constant value of the dollar.

Since there are 58 WSR-57's in the inventory, the capital
cost computed on that average is $7,722,294,
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AGE

OF LOCAL WARNING RADARS

(WSR-74 Only)

1
1
74 75 76 7 7 7 80
Total = 61
Unknown = 1
FIGURE A-2
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APPENDIX B

Weather Radar --
Concepts and Some Experimental Results

Extracted from Bulletin of American Meteorological Society,
October, 1984, Vol. 61, No. 10, pages 1170-1171.

From: F. Ian Harris and Richard E. Carbone, Part l: Workshop
Impetus and Objectives, National Center for Atmospheric

Research, Boulder, Colo.

Fundamental Concepts

Meteorological radars typically observe the atmosphere by
transmitting short pulses of electromagnetic energy at wavelengths
from 1 to 16 cm. Some of the transmitted energy is scattered by
hydrometeors in storms or by insects, refractive index
fluctuations, or radar reflective chaff in the optically clear
atmosphere. For conventional radars intensity is measured, while
for Doppler radars the phase and amplitude of the complex signal
are detected. The rate at which the signal phase changes is
directly proportional to the mean rate at which the scatterers are
moving toward or away from the radar, i.e., proportional to the
mean radial velocity component, Vr, of the scatterers. Each
measurement of amplitude and phasé represents a compoiite signal
returned by all scatters within a measurement volume at a
discrete range (Atlas, 1964). Typically, a radar with a 1° begm
looking at a rain shoger at a range of 3@ km "sees" roughly 10
particles in its ~10° m3 volume. Therefore, one must consider
detection of the returned signal as a single realization of the
intensity-weighted velocity averaged over all of the scatterers
within the volume (Srivastava and Carbone, 1969) One realization
of such volume-distributed targets has a relatively large
uncertainty associated with it. It is necessary, therefore, to
compute an average of the characteristics over roughly 10 radar
pulses in order to obtain an estimate with acceptable uncertainty
(Bohne and Srivastava, 1976; Lhermitte and Gilet, 1976). For an
expanded treatment of radar principles as applied to meteorology,
see Battan (1973).

The mean radial velocity that is obtained is related to the
rectangular components of the mean velocity of the particles by

V,.=u sin81i cos 8 + v cosﬂi cos 6; + W sin €, (1)
where‘? and @, are azimuth angle (measured clockwise from north)
and elevation angle, respectively, and u, v and W are the
eastward, northward and upward components of the mean particle
velocity, respectively. The subscript "i" refers to the ith radar
of an N radar multiple Doppler system. If N >3 and all radars
simultaneously perform "perfect point measurements with no
statistical uncertainty, then Eq. (1) can be inverted to yield
solutions for u, v, ard W. For N>3 the system is mathematically

-




overdetermined and for N<3 it is underdetermined. 1In reality, the
radars rarely observe the same volume at the same time, nor do
they measure without statistical uncertainty. Therefore, we are
able to obtain only estimates of u, v, and W, and the correctness
of these estimates is dependent upon the degree to which the
assumption of similitude is valid -- i.e, the degree to which all
radars sample 4~dimensional space equivalently.

A further complication arises from the manner in which the data
are collected. Each radar has its own spherical coordinate system
that cannot coincide with that for any other radar. in order to
obtain estimates of u, v, and W, it is customary, at some point in
the processing, to interpolate data to a common coordinate system.
This interpolation necessarily places some spatial and temporal
filter on the data that confounds (and perhaps improves) the
assumption of similitude.

As noted, u, v, and W are estimates of the mean scatterer
velocities. For horizontal velocities it is reasonable to assume
that scatters move with the mean winds. However, in the case of
hydrometeors, the vertical velocity (W) is the sum of air
velocity, w, and the terminal fall speed, V,. It is, therefore,
necessary to make certain assumptions about the relaticnship
between W and w to obtain the vertical component of air motion.
These assumptions may involve the relationship of V_ to the radar
reflectivity factor as well as to kinematic boundary conditions.

Note

Defined by the cross-sectional area of the transmitted beam
times the half length of the transmitted pulse. Typically the
pulse length is 309 m and tge measurement volume depth is 150 m.
A typical beam width is 1.8, which is 560 m at 3@ km range. In
the case of a scanning antenna the measurement volume expands in
the direction of scan by an aprreciable fraction of a beam width.
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Taken from: National Research Council, 1977, Severe Storms:
Prediction, Detection, and Warning, National Academy of
Sciences, Washington, D.C., pages 46-47 (with some editing).

Non-Doppler Weather Radar

Prior to the development of Doppler-equipped weather radars,
non-Doppler weather radars were demonstrated to be the most
valuable single tool for the monitoring of severe storms. The
ability to map, in three dimensions, regions of precipitation out
to some 2¢@ km from the radar site, provides the observer with
excellent information on the location and evolution of storms and
quantitative estimates of rainfall that causes flash floods.
Weather radar data find immediate use in systems for air traffic
control, pilot briefing, and public warning.

S oA oy 53 e 14 L

Modern methods for processing and displaying radar data, including
digitized echo strengths presented in color, can provide visually '
dramatic indications of precipitation areas. These new techniques

can be used for the automatic synthesis of radar information with

data from self-reporting rain guages. Calibration of the radar

data with rain-guage measurements is important because the radar

echo strength is a function of several radar parameters, as well

as the raindrop number density and size distribution. As such new
capabilities are introduced into routine operation, the accuracy o
and timeliness of warnings will increase and radar use will extend g
to general hydrologic purposes.

Several techniques have been used successfully in attempts to !
distinguish between hail and rain. With a single 1@-cm radar, an }
echo strength implying a radar reflectivity factor greater than ‘
about log & value of 5 at a 3-km height has been found to be a

suitable criterion for identification of regions of hail. ("2" is
an empirical relationship that has been established between radar !
reflectivity of 'beam-filling' water droplets and the rainfall ‘
rate.)

There has been limited success in the use of operational
non-Doppler weather radars for the identification of a unique
tornado signature. Here, the appearance of a particular type of
curved echo pattern, known as a "hook echo", is currently the best
operational radar indicator of the probable existence of a
tornado. However, less than half of all tornadoes are associated
with recognizable hook echo patterns, and tornadoes do not always
occur even when a clear hook echo is observed. Attempts to
identify regions of non-tornadic severe winds and turbulence from
the echo patterns have been much less successful. .

Quantitative measurements of radar reflectivity using modern,
economical data-processing systems have demonstrated an
encouraging capability for estimating total rainfall, and thus for
identifying the flash-flocod potential of both hurricanes and




severe local storms. While there are limitations to the accuracy %
with which such measurements can be made, there is little doubt
that present methods can be improved sufficiently to detect
potentially hazardous flash-~flood conditions.

Thus, we may summarize the operational role of non-Doppler weather
radar by jindicating that the echo strength, which is directly
related to the precipitation size and density, can be used to
distinguish hail from rain and, to obtain quantitative information
on the distribution and intensity of rainfall and to provide an
indication of storm severity. The latter are especially valuable
for purposes of flash-flood warning. It should be pointed out
that the echo strength, although not directly related to the
turbulence, can be used to outline potential turbulent and '
hazardous areas of storms, albeit at the expense of as much as a
20 mile safety buffer zone.

B-4
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Extracted from Bulletin of American Meteorological Society,
October 1984, Vol. 61, No. 10, page 1166.

From: J. Wilson, R. Carbone, H. Baynton & R. Serafin, Operational
Application of Meteorological Doppler Radar.

Conclusions and Recommendations

The JDOP experiment, which demonstrated the utility of a single
Doppler radar to provide tornado warnings, was largely responsible
for initiating efforts to establish a national network of Doppler
radars. Our experience with Doppler radar in a wide variety of
weather situations has shown that there are many additional
operational applications of a single Doppler radar, thus
amplifying the justification for a national network.

For widespread precipitation the vertical profile of the
horizontal wind can easily be measured and monitored. Frontal
boundaries that are associated with wind shifts can be located and
their future position forecast. In addition to issuing tornado
warnings agsociated with mesocyclones, Doppler radar can be used
to identify regions along strong shear lines where gust front-type
tornadoes may form. A frequent application should be locating
gust fronts and downbursts and estimating wind speeds associated
with them. Winds in the boundary layer, even during clear
weather, can frequently be monitored during the warm season. An
untested but promising application is the measurement of wind
shears on a spatial scale critical to aircraft response. These
measurements could be made with Doppler radars located at airports
and directed along the approach and departure flight paths.
Although hurricanes have yet to be observed by Doppler radar, it
is clear that continuous monitoring of the wind field and
estimation of maximum wind speed would be enormously valuable as
these storms approach land.

The utility of the Doppler displays obviously depends on the
experience of the observer; however, as can be seen from the
examples in the paper, interpretation is not difficult. It is
reasonable to expect that observers can be adequately trained with
a modest effort. Observers must be aware of the limitations of
the radar and must have a rtasic understanding of the
meteorological conditions that will be observed. Range and
velocity folding can greatly complicate interpretation,
particularly for large convective storms. Thus, it is almost
essential that operational Doppler radars employ some means to
unfold velocities and remove range ambiguities. Some very
promising solutions to this problem have been proposed by Doviak
et al. (1978) utilizing staggered or non-uniform pulse repetition
periods. It is reasonable to expect that automatic means for
interpreting and identifying important features in the Doppler
velocities will begin to emerge as more experience is gained.
Initially, however, humans will need to play a major role in the
interpretation phase.
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Users should be aware that maximum wind speeds will be i
underestimated when they occur only at radar azimuths where there
is a significant wind component normal to the radar. Most
frequently this will affect maximum wind estimates in highly
localized shear and convergence zones. Furthermore, these regions '
may on occasion escape detection when the shear is primarily in

the wind component normal to the radar. The detection of

mesocyclones associated with severe storms will not be affected

because of the circular motion of the flow. We believe that these

limitations will occur relatively infrequently and do not

significantly detract from the overall operational utility of

Doppler radar.
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APPENDIX C
Selected Case Studies
Waterloo, Iowa Airport Hit by 10@mph Winds; Property
Joss Over $3 Million, July 9, 1980

Severe Storm Threat Cancels Army Band Concert, July 22,
1980

Tornado Strikes Altus AFB, Oklahoma, May 26, 1977

Hurricane Agnes Warning Support to Eglin ABF, Florida,
June 18-19, 1972

Thunderstorm Wind Gusts Damage Aircraft at Patrick AFB,
Florida on 30 June 1980

Thunderstorm Winds Damage Helicopters, Fort Hood, Texas,
June 18, 1976

Hurricane Agnes Warning Support at Tyndall AFB, Florida,
June 18-19, 1972

Tornado False Alarm, Fort Benning, Georgia

Thunderstorm/Lightning Advisories at Langley AFB,
Virginia

Severe Weather Warning Support at Vance AFB, Oklahoma
Weather Warning Service to Andrews AFB, Maryland

Thunderstorm Watch Support to 20th Surveillance Squadron
(ADC) Eglin AFB, Florida

Launch Pad Lightning Warning System, Cape Kennedy
Value of Severe Weather Service at Laughlin AFB, Texas
Tornado Activity, Bergstrom AFB, Texas

Future Disaster: Miami

Destructive Winds - Hood Canal, Washington, February 12,
1979

Tornado Warning at Algona, Iowa, June 28, 1979,
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Waterloo, lowa Airport Hit by 190 mph Winds
Property Loss Over $3 Million

Oon July 9..1980 at 2:00 a.m., a severe thunderstorm with
accompanying winds clocked at over 106 mph struck the Waterloo,
Iowa airport and vicinity causing property losses in excess of $3
million.

The storm struck without warning although the National Weather
Service radar was operating and had been tracking the storm
previously until the storm entered the ground clutter and the
intensification went undetected.

The straight-line winds from the storm, a microburst in Dr. Ted ;
Fujita's analysis, damaged 65 homes and mobile homes, 65 private i
aircraft, 17 businesses and most of the 12 helicopters of the Army
Aviation Group based at the airport. The aircraft and helicopters
that were damaged were tied down.

In this case, with a minimum number of people on duty at 2:80

a.m., a response to protect the property even if a warning had ;
been issued would probably not have been effective in preventing i
the loss.

If the storm had struck at 2:0@ p.m. when personnel were on hand
to respond to the warning, it is postulated that:

1. With 3¢ minutes advanced notice of the storm, the
helicopters would have been surrounded by trucks and other
vehicles to minimize the 1loss.

2. With one to one and one half hour notice, all helicopters

would have been hangared and in this instance, the damage (over $1
million) prevented.

Source: Sonicraft File
Correspondene: Iowa Office of Disaster Services
Ms. Cheri Thomas
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Severe Storm Threat Cancels Army Band Concert

On Tuesday, July 22, 1980, the Army Band concert scheduled for
B:08 p.m. gut-of-doors at the Jefferson Memorial, Washington, D.C.
was cancelled. This cancellation was announced over public radio
(i.e., WMAL) at 4:45 p.m. The cancellation decision seemed to be
open to question as a series of thunderstorms had just moved out
of the Washington, D.C. area -- skies were clearing -- at about
4:30 p.m. )

However, the cancellation decision was based on the detection
(around 4:09 p.m) of a line of severe thunderstorms about 100
miles west of Washington by the Andrews Air Force Base Weather
Radar. The Army band commander decided on the cancellation due to
expected severe weather at 6:30 p.m. and during the concert.

The benefits accrued from this decision were those costs to the
band for transport, assembly and set-up and costs to the 2,000 to
3,008 concert attendees.

It was a good and correct call as it rained and thundered with
associated severe weather from about 6:30 p.m. to midnight.

Source: Sonicraft File: 7/24/80
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Tornado Stikes Altus AFB, Oklahoma
May 20, 1977

“An example of tornado advisory capability was provided when a
tornado struck Altus (LTS) on 20 May 1977. A list of events is as
follows:

1. 1254 CST - LTS Weather Warning for hail and gusts to 45
kts.

2. 13504 CST - Marble-size hail reported at 240°/21 nmi from ' ,
LTS.

3. 1356 CST - Doppler detected first shear.

4. 1480 CST - Marble-size hail reported at 200°/18 nmi from
LTS.

5. 1406 CST - Doppler confirmed mesocyclone and called LTS :
(information not understood and therefore not i
used).

6. 1410 CST - Pea~size hail reported at 2400/5 nmi from LTS.

7. 1420 CST - Tornado reported at 1900/9 nmi from LTS.

8. 1421 CST - LTS Weather Warning for a tornado in the
vicinity.

9. 1423 CST - 3/8 inch hail at LTS.

19. 1430 CST - Tornado 1/2 mile south of base moving NE,
station evacuated.

11. 1432 CST - Tornado over runway.
12. 1445 CST - Tornado dissipated north of the base.

The Doppler 26-minute lead time, as opposed to 9 minutes by the
LTS forecaster, shows the increase in warning lead time and
detection capability possible from Doppler. The LTS radar did not
detect a hook echo and the AWS warning was based on Civil Defense
reports. Damage to the base was extensive with losses in excess
of one million dollars.” (Staff of JDOP; 1979) .

c-4
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Hurricane Agnes Warning Support to Eglin Air Force Base

1. Situation: Eglin AFB is located in the northwest panhandle of
Florida, a.region with a high threat from tropical storms during
the period June to November. Maximum, but costly precautionary
actions are necessary to protect aircraft, personnel, and
Government property which are extremely vulnerable to effects of
high winds and flooding from hurricane forces. During the period
18-19 June 1972, Hurricane Agnes approached the Florida panhandle
from the Gulf of Mexico and was forecast to pass within 75 miles
of Eglin. Maximum winds observed at Eglin were 41 knots. No
damage or injuries were observed.

2. Support Provided: Forecast assistance in deciding not to
evacuate aircraft and undertake major precautionary actions.

3. Decisions Improved:

a. Weighing the costs of major storm preparation/evacuvation
versus the probability of damage from winds and flooding.

b. Taking of only minimum precautionary actions.

Value Analysis

1. Cost of minimal precautionary actions: $5,000.
2. Estimated benefits:

a. Savings in cost of evacuating ADTC aircraft: $160,000.

b. Savings in cost of facilities preparation through
Hurricane Condition 1: $130,000. :

c. Saving in lost manhours since no sheltering of personnel
took place: $280,090.

3. Summary: Weather service provided the Commander at Eglin saved
the Government an estimated $1/2 million in avoided evacuation and
preparation costs. Had the Commander not been provided with
tailored weather support, he would have been forced to take all
possible precautions when confronted with a storm following the
path of Agnes.

Source: Headquarters, Air Weather Service
MAC
Scott AFB, Ill.
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Thunderstorm Wind Gusts - Damage to Aircraft at
Patrick AFB, Florida on 3¢ June 1980

The 30 June mishap which saw two OV-10s damaged by wind gusts to
84 knots associated with thunderstorms resulted in the following
cost to the government:

Aircraft #67-14610 Parts: $ 12,600.00
Manhour Costs: 3,200.00
Aircraft #67~14606 Destroyed 480,000 .00
Total: $495,800.00

We were not able to provide the lead time notification to our
customers for these strong winds. Doppler radar with its wind
display may have provided clues to the severe potential of this
storm vice typical convective activity, and allowed the lead time
regquired to protect the aircraft and reduce the damage received.

The particular storm cell that caused this damage was not the
tallest or most reflective of cells depicted upon the Patrick AFB
FL FPS-77 radar. A storm with tops of 59,0800 MSL produced no
winds as it moved over Cape Canaveral AFS north of Patrick AFB.
! The storm over Patrick AFB was showing tops of 35,000 MSL just
before it moved over the base. It later showed maximum tops of
53,000 MSL. The point is, a Doppler radar may have distinguished
severe weather producing potential of storm cells in the vicinity
of Patrick AFB on 30 June 198¢. (Source Ltr 15 September 1984,
Parker, R.C. Maj., Met Section, Patrick AFB).
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Thunderstorm Winds Damage Helicopters, Fort Hood, Texas

1. Army helicopters are very vulnerable to strong or gusty winds
during takeoff and landing. Because of this, the flying units
here take precautions to limit flying whenever hazardous winds
occur. In addition, storng winds can damage parked aircraft,
whether or not they are tied down. We could not obtain data on
wind damage to helicopters in flight, but we offer several cases
where winds from thunderstorms caused damage to helicopters which
were tied down but not hangared.

a. On 18 June 1976, a gust of 45 knots destroyed or damaged
28 aircraft at Hood Army Airfield. We were following the
thunderstorm cell which spawned the gust on radar, and it did not
appear severe. It is possible that the cell produced a small
tornado, although none was sighted. This is the type of storm
that a doppler radar would best be able to identify. Repair costs
from this incident were about $24¢,009; photos taken by III Corps
Aviation Safety are enclosed. These photos also illustrate that
most damage occurred to aircraft parked on open ground. If our
warning had correctly forecast the intensity of the storm, more
aircraft may have been hangared or moved to more secure tie down
areas on the runway. With a Doppler radar, we potentially could
have done this.

b. On 16 October 1979, a gust of 48 knots blew over an OH-58,
causing about $19,000 damage. Our radar showed this thunderstorm
cell to be of only moderate intensty. Perhaps we could have
"seen” the potential for damaging winds with a Doppler radar.

c. On 7 April 1980, a gust of 46 knots damaged 10 aircraft.
Nine of the ten were OH-58s. Although we had issued a warning for
wind gusts in the 35-49 range 8¢ minutes prior the damaging gust,
repair costs amounted to $155,0008. As with the preceeding
examples, the damaged aircraft were secured on open ground. We

might have been able to issue a more defninitive warning with
NEXRAD.

2. A more advanced radar would enable us to pick out the most
hazardous thunderstorm cell(s). Several "near misses" that we are
aware of are a tornado at Burnett (32 miles southwest) on 10 March
1973, a large hail storm at Temple (35 miles east) on 5 February
1974, and a tornado at Mabry ANG Base (60 miles south) associated
with hurricane Allen on 18 August 198@

Extracted from: Det. 14, 5th Weather Sgdn., AWS, letter 29 October
8d.
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Hurricane Agnes Warning Support at
Tyndall AFB, Florida, 18-19 June 1972

Background‘

1. Situation: Tyndall AFB is located in the northwest panhandle
of Florida, a region with a high threat from tropical storms
during June to November. Without proper warning support aircraft,
personel, and Government property are extremely vulnerable to the
effects of high winds and flooding from hurricane forces. During
the period 18-19 June 1972, Hurricane Agnes approached the Florida
Panhandle from the Gulf of Mexico and was forecast by NHC to pass
directly over Tyndall AFB with 10@ kXt max winds. Hurricane Agnes
rapidly lost energy and became disorganized as it came within 140
miles of land on the morning of 19 June. Maximum estimated winds
observed were 46 knots. Damage to the base and equipment was
estimated at $2,560. One injury, a severed finger, was incurred
by high winds slamming a car door.

2. Support Provided: Weather briefings on National Hurricane
center (NHC) advisories and local tailored forecasts based on NHC
advisories, local weather radar, and direct contact with WC139
storm reconnaissance aircraft.

3. Decisions Improved:

a. Declaration of base hurricane conditions (HURCON) and
resultant evacuation/preparation actions:

1. Evacuation of some, but not all, aircraft.

2. Evacuation and sheltering of families living in
unprotected Government quarters.

3. Sandbagging and securing of buildings and equipment.
4. Movement of AME (telemetry) trailers.
b. Timely recall of personnel.

c. Not employing excessive, costly precautions necessary for
storms with greater than 75 knots.

Value Analysis:

1. Cost of weather support: Only indirect costs were expended.
Hurricane warning advice and decision-assistance are only one of
many services produced by the Base Weather Station.

2. Estimated cost of precautionary actions:
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Hurricane Agnes Warning Support at
Tyndall AFB, Florida, 18-19 June 1972

Background_

1. Situation: Tyndall AFB is located in the northwest panhandle
of Florida, a region with a high threat from tropical storms
during June to November. Without proper warning support aircraft,
personel, and Government property are extremely vulnerable to the
effects of high winds and flooding from hurricane forces. During
the period 18-19 June 1972, Hurricane Agnes approached the Florida
Panhandle from the Gulf of Mexico and was forecast by NHC to pass
directly over Tyndall AFB with 100 kt max winds. Hurricane Agnes
rapidly lost energy and became disorganized as it came within 100
miles of land on the morning of 19 June. Maximum estimated winds
observed were 46 knots. Damage to the base and equipment was
estimated at $2,599. One injury, a severed finger, was incurred
by high winds slamming a car door.

2. Support Provided: Weather briefings on National Hurricane
center (NHC) advisories and local tailored forecasts based on NHC
advisories, local weather radar, and direct contact with WC13@
storm reconnaissance aircraft.

3. Decisions Improved:

a. Declaration of base hurricane conditions (HURCON) and
resultant evacuation/preparation actions:

1. Evacuation of some, but not all, aircraft.

2. Evacuation and sheltering of families living in
unprotected Government quarters.

3. Sandbagging and securing of buildings and equipment.
4. Movement of AME (telemetry) trailers.

b. Timely recall of personnel.

c. Not employing excessive, costly precautions necessary for
storms with greater than 75 knots.

Value Analysis:

l. Cost of weather support: Only indirect costs were expended.
Hurricane warning advice and decision-assistance are only one of
many services produced by the Base Weather Station.

2. Estimated cost of precautionary actions:




a. Evacuation of aircraft: $53,800
b. Loss of 132.4 training hours: $7,750

c. Cost of 6,638 hours of civilian administrative leave:
$34,530

d. Loss of military manpower: $88,23@
e. Movement of AME trailers to higher elevation: $1,670¢

f. 1246 manhours expended in preparation, repair and cleanup
activities: $9,000.

Total Costs: $195, 000

3. Estimated Benefits:

a. Removal of AME (telemetry) trailers from beach area (where
storm surge would have destroyed them): $510,000

b. Savings in not evacuating all aircraft (forecast based on
local winds 75 kts or less): $53,800

c. Recoup of training hours because of only partial
evacuation: $7,75¢0

d. Timely recall of personnel resulting in savings in
civilian time/pay of one-half day: $34,500

e. Estimated savings resulting from tie down of equipment,
securing areas in/around buildings, and taping of numerous
windows: $2,500

Total tangible benefits: $608,500

4. Summary: Using NHC advisories and local weather radar
observations, the Tyndall Base Weather Station (Dct 9, 12 WSq)
considered a forecast of 75-knot peak wind gusts sufficient for an
early season hurricane moving at 10 knots northward into the
cooler waters of the northern Gulf of Mexico. Tailored weather
service provided the Commander at Tyndall resulted in net savings
of over $400,0600 through timely, but not excessive, storm
preparations.

Source: Air Weather Service Value Analysis
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Tornade False Alarm

An excellent example of the shortcomings of the AN/FPS-77 occurred
at this unit in the Spring of 1979. Preceding a frontal passage,
a very active squall line formed west of the station. Several
severe echoes were observed and a number of funnel cloud/tornadoes
were reported in association with this system. Unit forecasters
were faced with the usual dilemma of whether or not to issue a
tornade warning based on radar representation that didn't clearly
indicate such an occurrence as probable at the station. Issuance
of a tornado warning for the Ft. Benning installation causes a
severe disruption in all activities. Scheool classes are
suspended, training is halted, and all activities are disrupted.
False alarms, cbviously, do not meet with high faver. While the
radar scope representation indicated severe thunderstorms would
hit Ft. Benning, there was little indication of tornado activity.
However, the issuance of a warning by the local NWS office,
coupled with the sighting of a funnel clcoud 15nm to the northwest
decided the questicon, and a warning for tornadoes was issued. The
warning did net verify. The leoss te the post in terms of training
and disruption of services was considerable. A radar capability
that would more clearly define severe parameters would not only
provide a better warning capability for actual occurrences but
reduce cestly false alarms such as we experienced.

Source: Det 10, 5WS, AWS letter dtd 9 September 80
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Thunderstorms/Lightning Advisories,
Langley AFB, Virginia

1. We have. the following comments on the NEXRAD. The NEXRAD:

a. Must distinguish echoes within three nautical miles of a
station. The ITFW would like us to issue met watch advisories
when lightning is within three nautical miles of the Langley AFB
tower. When an advisory is issued, all refueling and munitions
loading activities cease. To support this requirement, we issue
advisories for lightning within five nautical miles. We use five
miles because the AFCC weather maintainance personnel have blanked
out any echoes within five nautical miles on the 30 nm PPI scope.
With ground clutter, it is very difficult to locate echoes within
five nautical miles on the AR and RHI scopes.

b. Must pickup echoes with low tops at distances greater than
190nm from the station. The following example illustrates the
problem. A line was moving at 50 plus knots. Due to the low
tops, we did not pick up the echoes on the radar until the line
was within 190nm of the station. We estimated the speed using
less than one hour continuity. With our slower than actual
estimate of line movement speed, we had a weather warning with a
=12 minute timing error.

c. Must quickly determine echo movement. Example: An area of
isolated thunderstorms built around the station. Other priorities
(warnings, met watch, etc..) didn't allow time to establish good
continuity from radar observations. After the thundershower began
at the station, we were unable to give a good estimate of the
ending time because the speed of the system was unknown. Another
example. Nocturnal thunderstorms formed near sunrise. Due to
their proximity, we needed to issue a warning ASAP. Our guess at
the speed was too fast and the thunderstorms dissipated before
reaching the station. The next morning thunderstorms formed
again. We delayed putting out the warning until movement could be
established. The result - insufficient lead time.

Extracted from: Det. 7, 3 AWS letter 16 Sept 80
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Severe Weather Warning Support at Vance AFB, Oklahoma

Background

1. Situation: Vance AFB is a UPT base located in a region with a
high threat from severe thunderstorms and tornadoes. Pilot
training operations are particularly sensitive to severe weather
and T-38 aircraft assigned to the base are especially vulnerable
to severe damage from hail.

2. Support Provided: Advance warning of the occurrence of high
winds and/or hail on the base.

3. Decisions Improved:
a. Recall and recovery of base aircraft.
b. Installing hail covers or hangaring T-38 aircraft.

c. Securing loose objects on base, particularly on the flight
line.

d. Personnel taking shelter when tornadoes are in the
vicinity.

Value Analysis

1. Cost of Weather Support:

a. Direct: Investment cost of FPS-77 radar is $40,000.

b. Indirect: Severe weather warnings are only one service
produced at no extra cost by the base weather detachment and
AFGWC. The typical ATC weather detachment has a total recurring
cost of about $250,000. Severe weather warnings for North America
are handled by 13 persons at AFGWC.

2. Estimated Benefits:
a. Typical case:
(1) Improvement in productivity:
(a) Increase of 5% or more in the availability of
T-38 aircraft due to reduction in damage rate. This corresponds
to a program cost of $2 million per year.
(2) Reduction in costs:

(a) Reduction in damage, mainly to aircraft, of
$150,000 or more per year.

c-12
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(b) Elimination of several aircraft incidents each
year by allowing more time for the orderly recovery of up to 100
aircraft normally flying in the area. No statistics are available
to estimate the accident rate without adequate weather warning.

_. (c) Elimination of several personal injuries.

b. Extreme case: ,

(a) Essential elimination of the probability of extreme
damage. Without sufficient warning of the arrival of storms, such
as have occurred in the area in the past two years, the storms
would have destroyed aircraft valued at $49 million.

(b) Substantial reduction in probability of tornado
fatalities. No statistics are available to compare fatality rates
with and without warnings such as are provided at Vance.

Source: Air Weather Service Value Analysis




Weather Warning Service to Andrews AFB

Background

1. Situation: Andrews AFB, Maryland, like many other military
installations in the northern two-thirds of the U.S., is subject
to occasinal snow fall during the winter months. The lst
Composite Wing at Andrews has a snow removal plan which provides
for a task force of fifty personnel to assemble at a central point
two hours before the snow is forecast to begin. The minimum cost
for assembly of this force is estimated at $500 per hour by the
local civil engineer. As of 15 March 1973, only a few light snow
showers had fallen at Andrews. Thus, for the first time on
record, this late in the season, snow removal efforts were not
required by the base.

2. Support Provided: The Andrews base weather station (BWS)
provides routine forecasts and severe weather forecasts (to
include snow alerts) for Andrews AFB.

3. Decisions Improved: Assuming the BWS did not exist, Andrews
would have had to rely on forecasts issued by the National Weather
Service. During the 72-73 winter season the NWS issued five snow
forecasts for the Washington DC area. Without a local forecast
service to refine these general forecasts the lst Composite wing
would have had to respond to each, thus spending $508 per hour
needlessly until the warning was cancelled. Because the BWS 4id
in fact refine the area forecasts, the snow removal teams did not
have to assemble and were placed on telephone standby on only two
occasions.

c-14
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Value Analysis:

1. Cost of weather support: Negligible. The provision of local

forecasts and point warnings is a routine function of the BWS. No

manpower or resources are authorized solely to perform this
function.

2. Savings realized: $15,000. It is estimated that without the
BWS refinement, reliance on the NWS general area forecasts would
have caused snow removal teams to assemble on five separate
occasions for a minimum of six hours each.

6 hrs X 5 occasions X $500 per hour = $15,000.

Conclusions: Although the sum saved in this instance is small,
the purpose of including it in the Value Analysis Program is to
give an illustration of how one relatively minor support function
provided by a base weather station can save the Air Force a
substantial sum of money. Assuming the same general figure
applies on the average to other Air Force installations with snow
removal problems, the potential savings is on the order of $3/4
million (50 Air Force bases are subject to significant snowfall).

Source: Air Weather Service Weather Value Analysis
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Thunderstorm Watch Support to 2@6th Surveillance
Squadron (ADC), Eglin AFB Florida

Background;u

1. Situation: The 20th Surveillance Squadron (20SS) operates the
FPS-85 phased array radar and its associated systems which are
part of ADC's Space Detection and Tracking System (SPADATS). This
multi-million dollar facility is located twenty miles
east-northeast of Eglin's main base and receives its electrical
power supply from a commercial supplier. The supplier employs a
network of transmission lines over a 5,000 square mile area in
southern Alabama and Georgia. These lines are susceptible to
lightning strikes which cause power fluctuations at the 28SS.
These fluctuations in turn may cause data losses or damage and
excessive downtime in the SPADATS circuitry. Provision was made
for back-up power in the form of gas turbine-powered generators,
which are also owned by the power company. The generators are
turned on whenever requested by the 28SS. This action isolates
the SPADATS from the main power line.

In February 1971, an uninterruptable power system (UPS) was
installed which protects portions of the SPADATS (i.e., computers
and communications center) from power surges. However, when the
UPS is inoperable (over eight months in 1972) and there is a
threat of lightning, the 28SS must activate the back-up power to
protect communications and computer gear.

2. Support Provided: Detachment 10, 6 WWg, issues special met
watch advisories which warn of possible lightning occurrences
throughout the 5,000 square mile area. Special emphasis was
placed on this tailored support following a working agreement
between the 20SS and Det 10, 6 WWg personnel in February 1971.
Special maps and radar grid overlays are used to identify the
areas in which the collection net and power lines are located.

3. Decision Analysis: The tailored support provided by Det 10, 6
WWg directly assists the operator in determining if backup power
will be needed. This decision assistance has significantly
reduced the amount of back-up power needed by the 20SS. The
impact of this assistance can be demonstrated in the table below

which outlines the cost of backup power to the 20SS over the last
four years.

(1) FY 70 - $357,765.00
(2) FY 71 - 297,450.00
(3) PY 72 - 11,812.00
(4) FY 73 - 59,287.50

Value Analysis
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1. Cost of weather s